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[57] ABSTRACT 

A de?ecting element (1) includes a ?rst substrate (3) and a 
second substrate The tWo substrates (3) and (5) enclose 
a liquid crystalline material (7) Which is switchable. A 
surface (13) of one of the substrates (3) facing the liquid 
crystalline material (7) is provided With a grating structure 
(15). The other substrate (5) is provided With a plurality of 
microlenses (21) on a surface (23) facing the liquid crystal 
line material 

4 Claims, 1 Drawing Sheet 
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DEFLECTING ELEMENT HAVING A 
SWITCHABLE LIQUID CRYSTALLINE 

MATERIAL 

BACKGROUND OF THE INVENTION 

The invention relates to a de?ecting element comprising 
a ?rst substrate and a second substrate enclosing a liquid 
crystalline material Which is switchable, a surface of one of 
the substrates facing the liquid crystalline material being 
provided With a grating structure. 

The invention also relates to an optical de?ector provided 
With such a de?ecting element. 

Ade?ecting element of the type described in the opening 
paragraph is knoWn from British patent speci?cation GB 2 
184 560. The element described in this document comprises 
a liquid crystalline layer Which is enclosed betWeen tWo 
electrodes. The surface of one of the electrodes is provided 
With a grating at the side of the liquid crystalline material. 
TWo effects play a role here. When a light beam passes 
through a grating, the light beam Will be spread into all 
directions due to diffraction on the grating lines. For a 
monochromatic, coherent light beam such as, for example a 
beam of given laser types, destructive interference Will occur 
in given directions and constructive interference Will occur 
in other directions. The angles at Which constructive inter 
ference occurs are determined by the Wavelength of the light 
and the refractive index of the medium in Which diffraction 
takes place. By changing the refractive index of the medium 
from Which the beam originates and/or of the medium in 
Which the beam arrives, the angle at Which the beam leaves 
the grating can be varied. In accordance With said British 
patent speci?cation, a sWitchable liquid crystalline material 
is therefore provided on the grating. By applying an electric 
voltage across the liquid crystalline material, the refractive 
index of the material is changed and the angle at Which 
constructive interference occurs can be adjusted. 

A draWback of the de?ecting element described above is 
that, for the beam exiting from the element, a light de?ection 
caused by the difference in refractive index betWeen the tWo 
media Will occur at the interface betWeen the liquid crys 
talline material and the second substrate. In this Way, the exit 
angle is only a function of the angle of incidence and is not 
a function of the refractive index of the liquid crystalline 
material. 

SUMMARY OF THE INVENTION 

It is an object of the invention to provide a de?ecting 
element in Which the above-mentioned draWback is obvi 
ated. 

According to the invention, the de?ecting element is 
therefore characteriZed in that the other substrate is provided 
With a plurality of microlenses on a surface facing the liquid 
crystalline material. 

Alight ray Which is noW incident on the interface betWeen 
the second substrate and the liquid crystalline material Will 
enclose an angle of 0° to the normal on this interface so that 
the ray Will be passed Without being de?ected in an 
unWanted manner. In this Way, the exit angle of the de?ect 
ing element can also be related to the refractive index. 

The microlenses may be arranged in, for example an 
array. 

The invention further relates to a set of tWo de?ecting 
elements, Which is characteriZed in that the grating lines of 
the grating in the ?rst de?ecting element and the grating 
lines of the grating in the second de?ecting element are 
perpendicular to each other. 
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2 
This provides the possibility of realiZing a component 

With Which light Within a given spatial angle can be de?ected 
in any desired direction. 

The invention further relates to an optical de?ector having 
a plurality of entrance channels Whose exits are located in an 
entrance plane and a plurality of exit channels Whose 
entrances are located in an exit plane, and is characteriZed in 
that a de?ecting element is present betWeen the entrance 
plane and the exit plane. 

Thus it is possible to sWitch in a rapid and simple Way 
betWeen different channels While using a relatively simple 
construction Without complex nodes of optical ?bers being 
required. Moreover, the sWitching voltage is relatively loW. 

These and other aspects of the invention are apparent 
from and Will be elucidated With reference to the embodi 
ments described hereinafter. 

BRIEF DESCRIPTION OF THE DRAWINGS 

In the draWings: 
FIG. 1 shoWs an embodiment of a de?ecting element 

according to the invention, and 
FIG. 2 shoWs an embodiment of an optical de?ector 

according to the invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

The de?ecting element 1 shoWn in FIG. 1 has a ?rst 
substrate 3 and a second substrate 5. A layer 7 of a liquid 
crystalline material is present betWeen the tWo substrates 3 
and 5. 

One of the substrates, for example 3, is provided With a 
grating structure 15 on its surface 13 facing the liquid 
crystalline material 7. When a light beam b is incident on the 
substrate 3 provided With the grating 15, the light ray at the 
interface betWeen air and the substrate 3 Will undergo a 
refraction. Subsequently, the light beam Will be spread into 
all directions by the grating 7. Dependent on the Wavelength 
of the incident light beam and the refractive index of the 
medium in Which the diffraction takes place, constructive or 
destructive interference Will occur. The grating formula 
describes the angle dependence of the constructive interfer 
ence: 

In this case 6,- is the angle of incidence With respect to the 
normal 17 on the grating 7, 60 is the angle of the beam of the 
mth order coming from the grating 7, ni and no are the 
refractive indices of the media in Which the incoming and 
outgoing beams of the de?ecting element are present, A is 
the Wavelength of the light beam, p is the pitch of the grating 
and m is the diffraction order of the outgoing light beam. 
By varying the refractive indices ni and/or no, the angle at 

Which constructive interference occurs, hence the angle at 
Which the light beam leaves the grating 7, can be adjusted. 
Such a change of the refractive index can be realiZed by 
providing a sWitchable liquid crystalline material on the 
grating. To this end, an electrode 9, 11 is provided on each 
substrate, via Which electrode an electric voltage can be 
applied across the material by means of a voltage source. As 
a result, the crystals of the liquid crystalline material Will be 
aligned. Since the liquid crystals are birefringent, the refrac 
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tive index may vary between the ordinary and the extraor 
dinary refractive index, dependent on the applied voltage. 

In the de?ecting element 1 according to the invention, a 
microlens structure Whose microlenses 21 have a radius of 
curvature R is provided in the surface 23 of the second 
substrate 5 facing the liquid crystalline material. This pro 
vides the possibility of not only relating the exit angle 60 of 
the de?ecting element 1 to the angle of incidence 6,- but also 
to the refractive index of the liquid crystalline material. 
Namely, since the interface betWeen the liquid crystalline 
material 7 and the second substrate 5 is curved, the beam 
incident thereon Will enclose an angle of 6‘LC=0° to the 
normal on this interface and consequently be passed Without 
being de?ected. This measure prevents elimination of the 
angle dependence of the refractive index of the liquid 
crystalline material. 

The microlenses 21 may adjoin each other, as is shoWn in 
FIG. 1, but may also be interconnected by means of ?at 
pieces of substrates. The microlens structure may be, for 
example a microlens array. 

The refraction Which occurs on the different interfaces in 
the de?ecting element can be described With reference to the 
folloWing formulas: 

n2 - sin02 : na - sinOO 

The angle 60 at Which the light beam b‘ leaves the de?ecting 
element 1 is related to 6,- as folloWs: 

In the above formulas, nu is the refractive index in air, n1 and 
n2 are the refractive indices of the substrates 3 and 5, nLC is 
the refractive index of the layer 7, )L is the Wavelength of the 
incident light beam b and p is the pitch of the grating 15. 

For example, an angle variation of 10° to 15° can be 
realiZed With a de?ecting element according to the 
invention, dependent on the pitch of the grating, the Wave 
length and the angle of incidence. 
By arranging tWo de?ecting elements according to the 

invention one behind the other, With the directions of the 
grating lines being perpendicular to each other, a de?ecting 
component can be realiZed With Which a de?ection in any 
desired direction Within a spatial angle of approximately 10° 
can be achieved. 
A de?ecting element according to the invention can be 

used to great advantage in an optical de?ector 25, an 
embodiment of Which is shoWn in FIG. 2. Such a de?ector 
25 comprises a plurality of entrance channels 27 Whose exits 
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29 Within the de?ector 25 are located in an exit plane 31, and 
a plurality of exit channels 33 Whose entrances 35 Within the 
de?ector are located in an entrance plane 37. By changing 
the voltage across the de?ecting element, light from a given 
entrance channel can be sWitched to a selected exit channel. 

The channels 27, 23 may be constituted by, for example 
optical Waveguides or optical ?bers. The geometry of such 
a de?ector depends on the dimensions of the de?ecting 
element and the requirements imposed on the resolution and 
crosstalk. For a radius of curvature R=10 pm for the micro 
lens structure, a distance of 40 pm betWeen tWo entrance 
channels and a maximum de?ection angle of approximately 
10°, the de?ector is approximately 12 mm long When 50 
entrances must be coupled to 50 exits. 

Such a de?ector may, inter alia, be used to great advantage 
in optical telecommunication systems in Which the 
transmission, reception and manipulation of optical data is 
to be realiZed as ef?ciently as possible. A de?ector as 
described may be used to present a data packet to a suitable 
optical ?ber. Currently, nodes of optical ?bers are used in 
communication netWorks. HoWever, this leads to a very 
complex netWork structure in a system having many user 
addresses. This structure can be simpli?ed considerably by 
substituting the nodes for a de?ector according to the 
invention. An optical signal is then sent from one channel to 
the other by adapting an electric voltage. 
What is claimed is: 
1. A de?ecting element comprising a ?rst substrate and a 

second substrate enclosing a liquid crystalline material 
Which is sWitchable, a surface of one of the substrates facing 
the liquid crystalline material being provided With a grating 
structure, characteriZed in that the other substrate is provided 
With a plurality of microlenses on a surface facing the liquid 
crystalline material. 

2. A set of tWo de?ecting elements as claimed in claim 1, 
characteriZed in that the grating lines of the grating in the 
?rst de?ecting element and the grating lines of the grating in 
the second de?ecting element are perpendicular to each 
other. 

3. An optical de?ector having a plurality of entrance 
channels Whose exits are located in an entrance plane and a 
plurality of exit channels Whose entrances are located in an 
exit plane, characteriZed in that a de?ecting element as 
claimed in claim 1 is present betWeen the entrance plane and 
the exit plane. 

4. An optical de?ector having a plurality of entrance 
channels Whose exits are located in an entrance plane and a 
plurality of exit channels Whose entrances are located in an 
exit plane, characteriZed in that a set of de?ecting elements 
as claimed in claim 2 is present betWeen the entrance plane 
and the exit plane. 


